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lECONNAISSTAKd OF 

RADIO ACTIVE BOCKS OF MAINE

% 

John Mo Helson and Perry f « Barten

ABSTRACT 

The state of Maine was traversed with otr-aiounted

equipment in the late sisaaor of 1%£ and tfee radioactivity of approxi 

mately 4,600 miles of road was logged »

All samples were analyzed, fcoth in the field by comparing the 

radioactivity of each sample to the radioactivity ©f a standard me**** 

tsred fdth a sijaple scaling modif icati®a ©f a portable cotmter, and in 

the Geological Suri»yf e trace Elements See^.en Washington laboratory* 

Differences between both types ©f analyses wer* negligible^ l&e 

. -equivalent ttranitm content of the fnost radioaotive rocfes tTams 

wa« §»flOS percent*. 4 Is400~t«i«i&re-.inile abnormally radioacti-re
» **

in southiwestern Maine was outlined 9

The outcrop data Stained from oar trav«rsiog are/ eraluattd ttatis 

• %ically» Ctiaialative frequency distribution curves are dr&ifli to ihow th* 

dlitribixticn of outerops at various levels of radioactivity, and straigh 

Hn* extensions ara mad® to show the fiiaxtamsi probable gr«)de for various 

rock tj'pss and areas in Malne* A maximum grade of 0*055 percent equlva*- 

lent uraniuia is thus predicted for the entire state,, This prediction 

necessarily is a broad generalization because large areas of ffalfift Art 

inaccessible for car trav^rsinga A concept of evaluation of an area for 

possible &in$ral depoeita is proposed on the basis of ll.tijology, anA of 

ebserved and indicated ranges 'in grado«



INTRODUCTION

The state of Maine has a total area of 33^000 square miles and is 

underlain by igneous^ sediment ary^ and metamorphic rocks- of many kinds« 

Recorded information on the radioactivity of these rocks is limited to 

published and unpublished statements that minerals containing uranium and 

thorium occur in noncommercial quantities in some of the pegmatites in 

the state* In order to obtain a better knowledge of the distribution 

and variation of radioactivity in Maine, a U« S 0 Geological Survey field 

party, using suitable radiometric equipment ^ systematically scanned about 

4*600 miles of roadside rocks,, soils^, and glacial materials (fige l)* 

This vork was done on behalf of the U 0 So Atomic I&iergy Commission.

Ttte field party, consisting of J« M« Nelson and P* F* Narfcen, worked 

from August 11 to September 9j> 1948P at which time Narten left the pro 

ject* Nelson completed the project on October 28<» Much of the compila~ 

tion r and the illustrations were made by R 0 H d Stewarto The authors are 

indebted to S e G, Laskyp We G. Schlechtp J 6 B 0 Mertie p Jr0i) W* A« Guinan,, 

A« P« Butler0 Jr0# and J e H e Eric for their suggestions and criticisms of

the statistical methods that are used«
i

PROCEDURE AM) FIEID EQUIPMENT

The roads traversed were selected so that the radioactivity of the 

largest number and variety of rocks could be examined in the time allot 

ted to the work»

As the bedrock over much of the area is covered by glacial debris 

and outcrops therefore are scarce^ the lithology^ radioactivity^ and 

location of almost all roadside outcrops passed in the car traversing 

were recorded in order to get as much quantitative data as possible 0
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These records were kept in notebooks when two men were present and were 

recorded on a Soundseriber when the party consisted of one man^ Rocks 

showing abnormal _/ radioactivity were examined on foot using portable

J Abnormal radioactivity in this report refers to an equivalent^ 
uranium content of 0«QQ3 percent or more«

survey meters, and the more radioactive parts were sampled. Samples of 

rocks containing less than 0*003 percent equivalent uranium also were 

collected to evaluate the radioactivity recorded as the car passed the 

outcrops,) KTo detailed geologic studies were attempted because even the 

most radioactive rocks were of low grade*

The car-mounted radiometric equipmait used in this work consisted of 

a gamma-ray Geiger tube mounted horizontally on either side of a sedan 

delivery truck parallel to the long axis of the vehicle„ Bach Geiger 

tube is 42 inches long and 2 inches in diameter and will count about 1,500 

pulses per minute in an environment of what we shall call "normal radioac 

tivity" <» The two tubes are connected in parallel to a portable survey 

meter (Victoreen Model 263A) ft Changes in the roadside radioactivity are 

indicated by the microammeter of the instrumaito This equipnent is suf 

ficiently sensitive to distinguish differences of about O.«001 percent equiv 

alent uranium content in rocks that are exposed for 50 linear feet or more 

along the traverse route» An alarm circuit was installed that could be ad 

justed to trigger at any desired ratemeter reading,, This device was used 

to announce abnormal radioactivity, thus parndtting the observer to study 

the roadside rocks, record data, and follow the route and geology on maps«

The car-mounted equipment is described in greater detail in another 

report*, _/



/ Nelson ? J 0Mop Prospecting for uranium with ear«®owbed equipment^ 
Trace Elements Investigations Rept0 65p July 1949&

The calibration of the car«=ni©unted equipment and percent equivalent 

uranium is shown on the scales of the abscissas of figures 3 t© 66 and was 

established by comparing the analytical data obtained from samples of the 

outcrops to ratemeter readings on the same outcrops * The comparative values 

apply only to the particular instrument used for the Held work in Maine* 

The use of other instruments^ or similar field work in te4gh«r mreas with the 

same instrument 8 would require redetemdnations of the correlation between 

rateaeter readings and percent eqJuivaleGt uranium* The correlation, between 

grade and ratemeter readings is necessarily based on «rerage values because 

the siz^j, shape P and distance of the outcrop from the instrument are var!» 

able 0 It will b« noted that the scale of equivalent uranium is not linear 

but varies according to the power law ($h0$P)* This nenHnearity is caused*^r—

by the nonlinear response of the recording instrument used in this field 

worko

Portable survey meters^ equipped with one of the 42«?»inch gamma tubes 

or a small beta-gamma tube, were used for foot-traverses and examinations 

of outcrops prior to sampling 0 111 instruments were checked against a 

radioactive standard before and after use each day*

Analyses for equivalent uranium of all samples were made in the field 

using a simple neon sealer attached to a portable counter^ a radioactive 

standardj and a sample container^ all designed for the field e The ei&mdtt 

of the neon-scaling attachment to the portable survey meter by which the 

frequency of the pulses is-.pealed do*g£rto a a^aiber that ;eaxi b® •.©(§ss'®nieat$$° 

counted is shown in figure 2$, These field radiometric analyses served as 

an immediate check on the materials examined and on the operation of the
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To plate of the
output tube of

a portable counter

1.0 mfd. Ne 51

45 V.

To B+ 67.5 V.

FIGURE 2 — CIRCUIT DIAGRAM OF THE NEON- 

SCALING ATTACHMENT USED ON 

A PORTABLE COUNTER.
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ESTIMATED PERCENTAGE OF EQUIVALENT URANIUM
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ESTIMATED PERCENTAGE OF EQUIVALENT URANIUM
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car-aounted Ceiger tubes 0 The samples were also analyzed for equivalent 

uranium and uranium by the Geological Survey's Washington laboratory at the 

end of the field season. Comparison of the 'field and laboratory analyses 

for equivalent uranium content for 22 samples (table 2) shows that the maxi 

mum difference is 0,002 percent equivalent uranium0

The standard used in calibrating the neon scalar was made by thoroughly 

.mixing an essentially nonradioactive cement with a small amount of pitch 

blende which had been ground to minus-200 meshe Then nonradioactivo colored 

pigment was thoroughly mixed with the cement for identification purposes, 

and the cement was cast* The hardened cement wa* ground to pass through a 

1/6-inch screen, the fines winnowed, and analyzed in the laboratory for equiv 

alent uranium* The resulting standard contained about 0,015 percent equiva 

lent uranium and showed no measurable change in two years*.

The sample container for field analyses was made from a brass cylinder 

6J inches high and 2-3/4 inches in diameter, in the center of which was 

mounted a thin-walled beta tube. This sample container and tube had a sen 

sitivity of about 3& pulses per minute per 0»001 percent equivalent uranium 

and a background of about 30 pulses per minute in Maine* A one-minute count 

thus was sufficient to analyze a sample containing 0*002 percent equivalent 

uranium with an accuracy of i 0»Q01 percent equivalent uranium*

The samples were first crushed in a portable jaw crusher to the approx 

imate size of the standard and poured into the container. Ten consecutive 

one-minute counts were recorded and averaged, and the results compared di 

rectly with results obtained for the standard sample* The background count 

was subtracted from the unknown sample and standard sample counts when com 

paring them^and was determined before and after any material was poured in-
1 *

to the container,- The background counts also served as a check on the oper 

ation of the Geiger tube and on the cleanliness of the container*
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GEOLOGY AND RADIOACTIVITf

General

According to Keith _/ the coastal belt and the western border of

Keith, Arthur, Preliminary geologic map of Maine, Maine Geol» 
Survey, map, scale 1/1,000,000, 1933*

Maine consist largely of pre-Cambrian mica gneisses and schists, cut by 

many pegmatities, and intruded by pre-Cambrian, Devonian, and Carboniferous 

granitio roGks0 , Fisher J - has assigned an early Paleozoic age to th$

J Fischer, L, W«, Structure and Metaaorphism of Lewistori, Maine, 
regions Geol, Soe« America Bull^vol0 52, Pl» 1, p« 153* 1941*

met«ao?Fhic rocks and a late Paleozoic age to the granitic rocks in the 

Lewiston region,. The remainder of the state, according to Keith, is under 

lain by middle and upper Silurian argillaceous sedimentary rocks with bands 

of northeasterly striking Lower and Middle Devonian and Gambro~Qrdoviclan 

sedimentary rocks<, Kississippian. sedimentary- rocks occur only in two areas, 

one in the northeastern part and the other in the most eastern corner of the 

state along the coast, Permsylvanian sedimentary rocks in the southwest 

corner of the state are the youngest rocks exposed» All the Paleozoic sedi 

mentary rocks have been subjected to varying degrees of metamorphism ranging 

from low-to high-grade, and have been intruded by widely scattered Silurian 

diabase, Devonian volcanics, and Carboniferous granites^y. Kafic dikes of 

Triassic age were mapped by Fisher. _/,

J Keith, op* cit« 
^J Fisher, op» cit*
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Uraninite and other uranium-bearing minerals have been described in

many publications on the pegmatites of Maine, but the occurrences prob 

ably are of mineralogic rather than economic interest. As an example, a 

square yard of pegmatite surface, showing a uranium mineral which is 1/4- 

inch square and containing 40 percent uranium, would have a radioactivity 

attributable to the mineral of only 0,002 percent equivalent uranium per 

square yard. Such a pegmatite surface might prove profitable to a mineral 

collector, but not to a mine operator*

The state is divided into two areas on the basis of radioactivity 

(fige 1, red numbers 1 and 2)«>.

Area 1 is an abnormally radioactive area of approximately 1,400 square 

miles extending from Lewiston westward to New Hampshire* Keith mapped the 

rocks as pre-Cambrian gneisses and schists much intruded by pegmatites arid 

granites _J 9 but more detailed work by Fisher and Hanley indicates a Pale 

ozoic age _y. Glacial materials cover most of the bedrock, and roadside

__/ Keith, Arthur, op, cit,, map

jj Fisher, L,W,, op, cit 0
_y Hanley, J,B,, Personal communication,

observations were made only on 128 rock outcrops. The'rocks in these out 

crops are estimated to contain from 0,001 to 0000$ percent equivalent uran 

ium and to average 0,0035 percent equivalent uranium0 The maximum uranium 

content of the eight samples (table 2) from Area 1 is only 0,003 percent* 

The difference between equivalent uranium and uranium content of the rocks 

would suggest that thorium might be present in the order of 0 0OX percent! 

chemical analyses of three of the samples, however, show a maximum content 

of only 00OQ4 percent thoria* Analysis for radium made on one :sam'ple» of ..•.< 

granite (No« *152) indicates that the sample is out of equilibrium. No
#

additional laboratory tests have been made to determine whether or not
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other samples are out of

Area 2, comprising the rest of the state^ is' essentially normally radio 

active <> Granitic rocks containing a maxim-urn of 0 0005 percent equivalent uran 

ium were found sporadically within the 4QHaiie-wid@ coastal belt of pre» 

Cambrian rocks and later intrusives 0 In the remainder of the traversed por 

tions of the state j, only nine localities contained **abnormallyw radioactive 

rocks* Samples from the most radioactive of these localities contained only 

0«004 percent equivalent uranium as determined by field analysis»

A study of Keith s s map J and observations of roadside outcrops suggest

_/ Keith, Arthur, op« cit«

that small granitic stocks are most abundant in Area lp and a rough correla 

tion exists between the amount of radioactivity and the areas where the 

granitic intrusions are most numerous,, The abnormally radioactive areas 

containing abundant granitic intrusions form a belt that extends in. a west- 

northwesterly direction to the Canadian border. _/. The trend of this belt

J McKeown^ F« A0 ^ Reconnaissance of radioactive rocks of Vermont^ 
New Hampshire^ Connecticut; Rhode Island^ and southeastern New York? Trace 
Elements Investigations Kept,, 67 P , July, 1951*

is across the strike of the intruded raetamorphic and sedimentary units 0 

Granitic intrusions,- which occur in the costal belt of Area 2^ are generally 

much larger and the coastal belt is less radioactive 0 Th*s remaining portion 

of Area 2 has the fewest granitic intrusions and is the least radioactive e

The relationships outlined in the proceeding paragraph suggest that the 

probability of finding concentrations-of radioactive minerals will be great 

est in areas containing a large number of small granitic, intrusions«, Such 

relationships might be partially explained by assuming that the additional 

heat generated by the radioactive elements would cause an intrusive body to
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stay fluid longer and thus enable it to rise higher in the intruded rocks* 

ftiis concentration of the radioactive elements, in granitic rocks could be 

the result of magmatic differentiation^ the formation in place from rocks 

orginally high in radioactive component s s or a combination of these factors* 

Ingham and Ieevil,_/- in a detailed study of-the radioactivity of some

_/• Ingham^ W0 N«, and Keevil, N 0 . Bp, Radioactivity of the Bourlamaque, 
Elzevir, and Cheddar Batholiths, Canada? Geol. S0e 0 -America Bull a, vol. 62, 
no 0 2, p a 147* 19516

Canadian granitio bath«liths 5 have described the concentration of radioac 

tivity on the outer margins of intrusions and hypothesise a similar role for 

the associated radiogenic heat contribution.

The above explanation is recognized as "possible 11 rath en than "probable 98 

as the other factors that influence the formation of granitic intrusions are 

unknown, such as depth of burial,, sub-crustal heat supply, stress^, and lith*» 

ology« The suggested relations, however, do seem to apply to the more radio- 

active parts of the Bear Mountain area of New .York, and the northwestern 

Adirondacks, and these relations may be worthy of farther consideration*

The areas that contain high-grade metamorphic rocks tend to be more radi©«= 

active than areas containing low-grade metamorphic rocks a, The most radioactive 

metamorphie rocks found in Maine are the high-grade gneiss and schist in the 

area west of Lewiston 6 The widespread exposures of slate in northern Maine, in 

comparison, exhibited the lowest average radioactivitytt,

Table 1 lists the location, estimated radioactivity, and observed and 

mapped rock types of all localities showing wabnormal radioactivity88 (0»( 

percent equivalent uranium or more)»

Table 2 is a list of sampled localities and the analytical results*



Statistical evaluation

The outcrop data obtained from the car-traverse method^ and consisting 

of the radioactivity, lithology, and location of each outcrop are amenable 

to a partial statistical evaluation. Although the available data cannot 

validly be used rigorously to compute the standard deviations of the sep 

arate and composite variables, the cursory treatment given them here sug 

gests the possibility of predicting the probable upper limit of radioac 

tivity in an area or in a particular rock type 0

The percentage or fraction of outcrops with equivalent radioactivities 

above a given value are plotted as a cumulative frequency distribution 

curve; the curves for the total outcrops examined in Areas 1 and 29 and for 

granites, metamorphic, sedimentary (includes low-grade metamorphic) and 

mafic rock types are shown in figures 3 to 6 0 These curves are drawn to 

fit the observed ratemeter response of the car-mounted Geiger tubes so that 

both the observed and extended portions of the curves are based upon these 

ratemeter responses *

On the basis of radioactivity of the observed outprops, the state is 

divided into two areas (fig 0 l)* In Area 1 the average radioactivity of the 

granitic and metamorphic rocks is much higher than that of sijailar rocks of 

Area 2 (fig« 4)« It is also evident from figure 4 that the granites have 

the highest radioactivity in their respective areas« The slope of the 

higher-grade portion of the granite curve in Area 15 however-, is steeper 

than the corresponding slope of the metamorphic curve. From the steep 

ness of slope^ it is inferred -that granitic rocks in Area 1$ although they 

have the highest bulk content of radioactive elementSj> are least likelyp

and the metamorphic rocks are most likely, to contain high-grade deposits 0 

The sedimentary rocks (with which have been included the low-grade

metamorphic rocks) and the mafic rocks are present in Area 2 but are very
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rare in Area 1* Figure 6 shows that the sedimentary rocks are slightly

more radioactive than the high-grade met amor phi c rocks in Area 2 0 The 

slope of the extended portion of the sedimentary rock curve also is less 

steep than that of the metamorphic rock curve and therefore,, the sedi 

mentary rotks may be considered more favorable hosts for radioactive 

element s e The mafic rocks have the lowest average radioactivity and the 

slope of the curve indicates a low probability for the mafic rocks to be 

a host for radioactive elements 0

Similar curves have been constructed for glacial material _/ in both

J All areas of no outcrop were termed wglacialtt as regolrbhic 
material probably represents only a small fraction of the soils and over-

Area 1 and Area 2, but are not included here because of their erratic
j 

character,, However^ the radioactivity of glacial materials is of about the

same general magnitude as that of the rock in the areas (fig* 3) where they

are found 8 It would thus seem that the glacial debris from the eroded rocks 

of Maine basr not been .transported great distances*

The probable number of outcrops of a specific grade can be calculated 

for each rock type in an area or in those portions of an area for which 

sufficient control data are available « The mechanics of such calculations 

are similar to those used in estimating ore tonnages of any grade from a 

distributed number of samples* The accuracy of such calculations depends 

upon two factors? (l) how representative of the whole are the samples s and 

(2) what portion of the whole was sampled*

In applying such calculations to the state of Maine^ it must be assumed 

that the size of outcrops was uniform and that the coverage of roads was 

equal for the entire state* The relative geometry of each outcrop is not- 

known 0 Bach observed outcrop was considered regardless of its sizej the
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Yery long outcrops in general were subdivided arbitrarily on the basis of 

length and lithology* Although such nonselection of outcrop size disre 

gards the effective area scanned by the Geiger counters, it is thought that . 

the outcrops are generally representative of rock type and area*

The density of road coverage per unit area is roughly twice as great 

in Area 1 as in Area 2, and even greater differences in density of road 

coverage exist -within Area 2 0 Several methods of weighting the number of 

outcrops and length of traverse for each area were attempted, but the 

nature of the field data would make any method inherently faulty* The net 

effect of weighting by these various methods was to change the probable 

number of outcrops shown in table 3. The. predicted highest grade was not 

changed significantly,, For the purpose of simplicity of illustration, ,,: 

therefore, the same factor (1/1,300) is used for the entire state e

The ratio of the area radiometrically tested to the total area of Maine 

is approximately 1/1,300.^/^ Insofar as the tested area is representative

_J The practical effective range of car-mounted equipment has been 
checked many times and is estimated' to be 15 feet on either side of the 
center of the car tt This is an average traverse width of 30 feet or 1/1?6 
mile. The average traverse width multiplied by the traverse length, 1/176 
x 4*600 miles, indicates that approximately 26 square miles have been tested* 
The ratio of the tested area, 26 square miles, to the area of the state, . 
33*000 square miles, is approximately 1/1,300*

of Maine, the number of outcrops of each grade in the tested area multiplied 

by 1,300 gives the probable number of such outcrops for the entire state* It 

is unlikely that the most radioactive outcrop is among those recorded,, The 

probable number of outcrops of any higher grade then those recorded is esti~ 

mated by extrapolation of the distribution curves shown in figures 3 and 4« 

Figures 5 and 6 are extrapolated curves.

The curves are extended as straight lines because they approach straight



21

lines in the portion of the highest recorded radioactivities* Mathematical 

expressions for these curves could be derived but the nature of the recorded 

data do not warrant such treatment.

In figures 5 and 6, the curves are extended to a point representing a 

single oufccrop. The ordinate representing a single outcrop is obtained by 

multiplying the reciprocal of the probable number of outcrops in any curve 

by 100 to yield percentage _/»

J Example? Granite curve, Area 1, figure 6~

Observed number of outcrops • ...,'•.*...» 69
Probable number in Area 1 (69 x 1,300) e • « « <, «89,700 
Calculation, (1/89,700 x 100) ....,..,.. 80.001l£

Thus one outcrop of granite is represented at an ordinate 
value of 0»001 percent, and the ratemeter value at the 
intersection of the curve with this ordinate value is about 
26.5.

The observed and probable number of outcrops with respect to areas and 

rock types are shown in table 30 The radioactivity is expressed both in 

ratemeter units, as recorded in the field, and in the estimated percent equiv 

alent uranium.

Table 2 shows that the most radioactive outcrops sampled in Maine contain 

a maximum of 0.008 percent equivalent uranium, 0 0003 percent uranium, and 

0.004 percent thoria. Projections of the curves in figure 6 show that the 

most radioactive outcrop in the arfeate probably contains only about 0.055 per 

cent equivalent uranium. These maxima of grades are too low to be of economic 

interest. This technique, however, can be applied to any area to determine 

the highest grade of radioactive material to be expected, thus evaluating the 

area economically. For example, this technique was used in the Bear Mountain 

Area, New York. Projections of curves from data collected at Bear Mountain $ 

where roadside outcrops have been found to contain as much as QSQ33
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equivalent uranium^ indicate that outcrops may be found in the area which 

will contain 0»I percent equivalent ^uranium.

SUMMABT AND CONCLUSIONS

The most radioactive outcrops sampled in Maine contain a maximum of 

0»008 percent equivalent uraniumj, 0,003 percent uraniuiflj, and O e004 percent 

thorifto From a statistical study it can be shown that there may be 1^300 

such outcrops and that the most radioactive outcrop in the state has a 

probable content of only 0«055 percent equivalent uranium*

Although the areal,surrey for radioactive materials in Maine was dis 

appointing because no high-grade deposits were found 9 the car«*traverse 

method proved again to be a valuable tool in rapidly scanning a large area 

in a short time* At the same time, this field technique also provided suf 

ficient data"to indicate that statistical treatment of properly controlled 

radiometry ma$ b« used, to efaXmate an aneafcpR roek typ& 0

In conclusion, a statistical approach has been used to study the 

distribution of radioactive materials in an area, whereby the area is eval 

uated economically on the basis of observed and indicated ranges in grade 

rather than on the basis of average grade« This method is applicable either 

to an economic or scientific study of an area, to a geologic provisbe0<f or 

to a Hthologic or structural unit e It is best suited, however, to areas 

where, the radioactivity is higher than that exhibited in Maine 0 The ranges 

in grade of radioactive rocks determine the shape of the distribution curves, 

but the slope of these curves is the most significant factor in an economic 

appraisal of the material or areae
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